Lipid mixing between lipoplexes and plasma lipoproteins is a major barrier for intravenous transfection mediated by cationic lipids.
It has been previously shown that transfection activity of cationic liposome/DNA lipoplexes delivered systemically is drastically inhibited by lipoproteins (Tandia, B. M., Vandenbranden, M., Wattiez, R., Lakhdar, Z., Ruysschaert, J. M., and Elouahabi, A. (2003) Mol Ther. 8, 264-273). In this work, we have compared the binding/uptake and transfection activities of DOTAP (N-[1-(2,3-dioleoyloxy)propyl]-N,N,N-trimethylammonium chloride) and diC14-amidine (3-tetradecylamino-N-tert-butyl-N'-tetra-decylpropionamidine)-containing lipoplexes in the presence or absence of purified low density lipoproteins and high density lipoprotein. Binding/uptake of both lipoplexes by the mouse lung endothelial cell line was inhibited to a similar extent in the presence of lipoproteins. In contrast, transfection activity of diC14-amidine-containing lipoplexes was almost completely inhibited (approximately by 95%), whereas approximately 40% transfection activity of DOTAP-containing lipoplexes was preserved in the presence of lipoproteins. Interestingly, the ability of lipoproteins to inhibit the transfection efficiency of lipoplexes was well correlated with their ability to undergo lipid mixing with the cationic lipid bilayer as revealed by fluorescence resonance energy transfer assay. Incubation of lipoplexes with increased doses of lipoproteins resulted in enhanced lipid mixing and reduced transfection activity of the lipoplexes in mouse lung endothelial cells. The role of lipid mixing in transfection was further demonstrated using lipid-mixing inhibitor, lyso-phosphatidylcholine, or activator (dioleoylphosphatidylethanolamine). Incorporation of Lyso-PC into diC14-amidine-containing lipoplexes completely abolished their capacity to undergo lipid mixing with lipoproteins and allowed them to reach a high transfection efficiency in the presence of lipoproteins. On the other hand, the incorporation of dioleoylphosphatidylethanolamine into DOTAP/DNA lipoplex activated lipid mixing with the lipoproteins and was shown to be detrimental toward the transfection activity of these lipoplexes. Taken together, these results indicate that fusion of lipoplexes with lipoproteins is a limiting factor for in vivo transfection.